Catalytic asymmetric S-H insertion of carbenoids generated from aryldiazoacetates has been investigated with a number of chiral Rh(II) and Cu(I) catalysts. 12 % -23 % ee enantioselectivity were achieved with chiral Rh(II) catalysts.
Introduction
Optically active α-mercapto carboxylic acid derivatives are ubiquitous structural subunits in numerous biologically active natural and unnatural compounds. Compounds containing the mercapto or mercaptoacyl moiety often exhibit strong inhibitory effects on metal-containing enzymes (metallozymes). For example, α-mercaptoacyl dipeptides QS-26332 and BMS-182657, as shown in Scheme 1, have been demonstrated to be potent inhibitors of angiotensin converting enzyme (ACE) and neutral endopeptidase.
1 Consequently, the synthesis of enantioenriched α-mercapto carboxylic acids attracted considerable attention. 2 Although some methods have been developed, the stereoselective synthesis of these compounds still remains to be a formidable challenge. To the best of knowledge, so far there has be no highly selective catalytic asymmetric method for preparing enantioenriched α-mercapto carbonyl compounds. 
SQ-26332 BMS-182657
moderately high enantioselectivity in sulfur ylide [2, 3] sigmatropic rearrangement, 6 we reasoned that it would be worthwhile to investigate the corresponding catalytic asymmetric S-H insertion with aryldiazoacetates. In this paper, we present our investigation along this line (Scheme 2). 
Results and Discussion
Firstly, the phenyldiazoacetates was employed as the diazo substrate to optimize the reaction conditions. A wide range of chiral catalysts was selected for study (Scheme 3). These chiral catalysts have been demonstrated to be highly effective in asymmetric reaction of carbenoids, such as C-H insertion and cyclopropanation. 7 From the results summarized in Table 1 , it can be seen that the decomposition of diazo compounds in the presence of chiral Rh(II) and Cu(I) catalysts gave the expected S-H insertion product in moderate yields, but the enantioselectivities were low. Cu(I) catalysts are generally less effective than Rh(II) catalysts (Table, entries 1-9) . The reactions with Cu(I) catalyst were slower and the enantioselectivities were lower. Solvent and temperature have measurable influence over enantioselectivity. It appears that dichloromethane and benzene are better solvents for high enantioselectivity. Ee values could be slightly improved at low temperature. On the other hand, the effect of the structure of thiols on the enantioselectivity was also studied ( Although the enantioselectivity is rather low, we proceeded to apply the best reaction conditions in Table 1 to other aryldiazoacetates. Two Rh(II) catalysts, 5 and 7, were used, and the results are summarized in Table 2 . It demonstrates that moderately low enantioselectivity can be
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Page 87 © ARKAT USA, Inc achieved in general with a series of aryl diazoacetates. We could observe a dependence of the enantioselectivity on the substituents in the phenyl ring of the aryldiazoacetate substrates. The Rh(II) catalyst 7 usually works better for the diazo compounds with para substituents in the phenyl ring, while the catalyst 5 appeared to be the opposite. In contrast to transition metal-catalyzed carbene insertions into C-H or Si-H bonds, in which the catalytic asymmetric induction has reached high level, 7, 8 the corresponding insertions into polar X-H bonds (X = O, S, N, etc.) have proved to be much more difficult. 9 This fact may reflect the difference in the reaction mechanism. The insertions into C-H or Si-H bonds follow concerted pathway, while the insertions into polar bonds are believed to follow stepwise process, in which ylide is firstly generated, followed by proton transfer (Scheme 4).
Scheme 4
In summary, we have conducted a systematic investigation on catalytic asymmetric S-H insertion generated from aryldiazoacetates. Unfortunately, the enantioselectivity is not dramatically improved compared with Brunner and Doyle's investigation. Further effort is needed to improve the enantioselectivity to the level that asymmetric S-H insertion reaction can be practically useful. mmol, 2.3 mg) were added to a 25 mL round-bottom flask. Dry dichloromethane (2 mL) was introduced and the solution was stirred for 1 h. To the slightly blue solution was then added thiols 2 (R = C 6 H 4 , 1.25 x 10 -1 mmol, 14 mg) in dichloromethane (1 mL). The solution turned to light purple and remained homogenous. Methyl phenyldiazoacetate (1, Ar = C 6 H 4 ) (6.25 x 10 -2 mmol, 11 mg) in dry dichloromethane (10 mL) was added via a syringe over 30 min. The solution was stirred for additional 12 h. Solvent was removed by evaporation and the green oily residue was purified by column chromatography (petroleum ether/ethyl acetate = 20 : 1) to give 3 (Ar = C 6 H 4 , R = C 6 H 4 ) as oil (6.3 mg, 39 %).
Typical procedure for the reaction of aryldiazoacetate with sulfide catalyzed by Rh(II) complex
In nitrogen atmosphere, catalyst 7 (3.13 x 10 -4 mmol, 0.6 mg) was added to a 25 mL round-bottom flask. Dry dichloromethane (4 mL) was introduced and the solution was stirred for 1 h. To the slightly blue solution was then added thiol 2 (Ar' = C 6 H 4 , 1.25 x 10 -1 mmol, 14 mg) in dichloromethane (1 mL). The solution turned to light purple and remained homogenous. The flask was put into an ice bath, then methyl phenyldiazoacetate (1, Ar = C 6 H 4 ) (6.25 x 10 -2 mmol, 11 mg) in dry dichloromethane (10 mL) was added via a syringe over 30 min. The solution was stirred for additional 2 h. Solvent was removed by evaporation and the green oily residue was purified by column chromatography (petroleum ether/ethyl acetate = 20 : 1) to give 3 (Ar = C 6 H 4 , R = C 6 H 4 ) as oil (9.8 mg, 61 %). 
